Abstract Superiority of pedicle screws over hybrid/hook instrumentation or vice versa in the treatment of Lenke Type 1 and 2 adolescent idiopathic scoliosis (AIS) remains unresolved for moderate curves. Our objective was therefore to compare the assessment of pedicle screw and hybrid/hooks instrumentation with special attention to cosmesis and uninstrumented spine using novel assessment methods. We carried out a retrospective study of radiographs and clinical photos of 40 cases of thoracic AIS between 40°and 70°of Cobb angle Lenke Type 1 and 2, treated with either pedicle screws or hybrid/hooks. The cases were subjectively assessed by four spine surgeons (SRS Travelling Fellows) for radiographic and operative cosmetic result, shoulder balance, trunk shift, rib hump, and waist asymmetry. Instrumentation in the radiographs was obscured with only the non-instrumented part visible, and the surgeons were asked to guess the instrumentation being used. Eighty photographs of patients before and after surgery were assessed for cosmesis by ten non-medical judges for overall cosmetic score, shoulder balance, waist asymmetry, and shoulder blade prominence. Objective assessment of radiographs and clinical photos was performed for Cobb angle of instrumented and non-instrumented spine, global coronal and sagittal balance, number of unfused vertebrae, disc angulation, tilt of last instrumented vertebra, shoulder balance, waist asymmetry, rib prominence, and percent correction. SRS-24 questionnaire was used to measure health-related quality of life in patients. Subjective assessments by surgeons and nonmedical judges showed no significant difference by instrumentation (P C 0.05) for all variables. Out of the 160 guesses by surgeons of the cases with instrumentation
blocked in the radiographs, they were unable to guess the instrumentation in 92% of the cases. Objective assessment of all variables and SRS-24 scores of all five domains showed no significant difference by instrumentation (P C 0.05). In this first-ever conducted study in a blindedfashion, we conclude that there is no significant difference between the pedicle screw and hybrid/hooks instrumentations used to treat AIS for Lenke Type 1 and 2 curves for moderate curves between 40°and 70°.
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Introduction
There is today no consensus on the preferred instrumentation technique to use for the treatment of adolescent idiopathic scoliosis (AIS). In the last century, there have been several iterations in the corrective methods of progressive curves in AIS from non-segmental rod systems, to segmental hook fixation, to most recent all pedicle screw fixation. The use of hook instrumentation developed by Cotrel-Dubousset (CD) has long been considered gold standard for the treatment of AIS [26] . However, in 1995, Suk et al. [28] introduced the concept of using all pedicle screw instrumentation in AIS, which was originally developed for spinal trauma and tumors [30] . In the 2000s, there has been a surge in the use of pedicle screw instrumentation based in part by the reported advantages of pedicle screws in terms of enhanced correction and stabilization of spine [3, 9, 10, 19, 27, 29] . However, there have been conflicting reports in literature on the use of pedicle screws in spine surgery [18, 19, 21, 23, 25, 26] . Pedicle screw instrumentation could be technically demanding especially in AIS because of the small size of the pedicles and the proximity of the spinal cord in the concavity of the curve [18] . Although some studies have reported acceptable accuracy in placing screws without any neurological complication [18, 30] other studies found a rate of 10% of patients with misplaced pedicle screws [14] .
Recent studies that compared pedicle screw instrumentation with hybrid type of fixation have reported significantly better results with all pedicle screw constructs [11] [12] [13] 16] . The higher cost of all pedicle screws however remains a concern. Storer et al. [26] in their study comparing pedicle screw and hybrid constructs reported that surgery using either constructs effectively corrects AIS. In addition, they stated that the extra expense incurred with pedicle screws may not be justified in the light of the fact that there is no significant difference in curve correction between the two constructs. Similar views were expressed by Winter et al. [33] . From our own training and experience, from Harrington instrumentation to Luque, CD, CDlike instrumentation followed by hybrid and more recently all pedicle screw constructs, our clinical impression has been that surgery with either constructs gave effective results. We also found that more implants did not necessarily provide better surgical outcomes in treating AIS. Similar observations were made by other researchers who reported that over correction of the main thoracic curve led to either a left shoulder elevation or a left coronal imbalance with maximum correction [1] .
It is important to mention that all the comparative studies pertaining to pedicle screws and hybrids/hooks focused on the surgical correction of Cobb angle. Cobb angle is itself limited as it is a single-plane measure of spinal alignment [24] . However, spine surgeons continue to focus on percent correction of the Cobb angle, which so far has no scientific evidence to be considered as ''better end result'' [33] . Moreover, in our own experience over 15 years in AIS surgery, it has increasingly become clear that the surgical result should be judged not on the instrumented spine, but on the non-instrumented mobile spine, as the former is not functional anymore. This opinion is shared by many deformities surgeons [4, 5, 8, 15] . In addition, the number of fused vertebra, the overall balance of the spine, the alignment of the unfused spine, cosmesis, and patient satisfaction should also be taken into consideration [2] .
To appropriately address clinical outcomes or effects of the surgical treatments, various aspects of outcome assessment should be considered. The major objective of this study therefore, is to compare all pedicle screw constructs with hybrid/hook instrumentation for radiographic and cosmesis outcomes for AIS run of the mill cases (40-70°) of Lenke Type 1 and 2, using novel outcome assessment methods.
Methods

Study design
This is a retrospective comparative outcomes study of prospectively collected surgical cases of AIS. We compared surgical outcomes of patients with thoracic idiopathic scoliosis of Lenke Type 1 and 2, treated with pedicle screw and hybrid/hooks instrumentation using novel assessment methods.
Study participants
Cases for this study were obtained from our online electronic database of surgical cases of AIS Scolisoft Ò . The following query was used: Age above 10 years, right thoracic AIS Lenke Type 1 and 2; Cobb angle 40-70°; underwent posterior surgery alone. This returned 52 cases. We discarded 12 cases that had poor documentation such as missing clinical photograph, missing one x-rays such as side bending or lateral x-rays and or intermediate cases between hybrid and all pedicle screw. Cases where we did not have a minimum of 6 months follow-up of complete iconographic documentation were not included. We were therefore left with two groups of 20 patients.
Pedicle screw instrumentation (Fig. 1 ) is defined as a construct having each individual vertebra instrumented with at least one pedicle screw (to the exception of one or two vertebrae). Hybrid instrumentation is defined as constructs instrumented with pedicle screws for the bottom of the construct, and pedicle or laminar hooks above in the thoracic spine (Fig. 2) .
Case assessments
Cases were subjectively assessed by: a) Four spinal deformity surgeons (Scoliosis Research Society Travelling Fellows) who were not involved in the surgical treatment of any of the cases in this study. The surgeons were given standing coronal and sagittal plane radiographs of each case taken before and after surgery along with preoperative right and left side bending films; and clinical photographs of posterior and rib views before and after surgery (Fig. 3) .
Variables assessed on x-rays and clinical photographs respectively were: overall radiographic result, radiographic result of unfused spine, operative cosmetic results, shoulder balance, trunk shift, rib hump, and waist asymmetry. The surgeons were asked to score these variables on a scale of 1-10. The instrumented part of the spine was obscured by blocking it on the postoperative coronal and sagittal radiographs using Microsoft Paint Program (version 5.1., Microsoft, WA, USA). The surgeons were asked to guess the instrumentation type used in the blocked radiographs ( Fig. 3e, f) . b) Ten non-medical judges who volunteered to participate in the study to perform the assessments were asked to rate cosmesis in patient photographs taken before and 18:1927-1935 1929 after surgery for each patient. The judges included lay persons from different professions, education level, economic status, gender, and race. They were in no way involved in any aspect of spine treatment of the cases used in this study and none of them had a medical background. They were educated in detail about normal and scoliotic back with the help of a diagram of scoliosis back, along with photographs of a typical scoliosis patient. The photographs were thoroughly shuffled so that the scoring of the post surgery photographs are not influenced by the pre surgery and vice versa (Fig. 4) . Study coordinator spent 20 min with each non-medical judge to educate them in detail about the study and the variables to be assessed. The non-medical judges were told not to consider the postoperative scars on the back for overall cosmetic scoring. Variables assessed by non-medical judges include, overall cosmetic score, shoulder balance, overall balance, waist asymmetry, and shoulder blade prominence. All scoring by non-medical judges was done on a scale of 0-10 (0 = worst, 10 = excellent).
Objective assessment
Objective assessment of radiographs and photographs was done by a Spine Fellow who was not involved in any of the surgeries performed on the cases used in this study. Variables assessed include: Radiographic: Cobb angle measurement of the spine before and after surgery (in degrees), Cobb angle of instrumented and uninstrumented spine (in degrees), number of fused vertebrae, global coronal balance (mm), global sagittal balance (mm), tilt of last vertebra (LIV) (in degrees), and disc angulation (in degrees); Cosmesis: trunk shift (mm), shoulder balance (mm), waist line asymmetry (mm), and rib prominence (in degrees).
Health-related quality of life
Health-related quality of life (HRQOL) was assessed with SRS-24 questionnaire. The SRS-24 scores from the two instrumentation groups were compared for overall score and for the five domains (pain, function, self-esteem, mental health, and satisfaction). Data was analyzed using the SPSS (version 15.0, SAS Institute Inc., Cary, NC, USA). Distribution of variables is given as mean, standard deviation and ranges. Paired sample t test was done to study the difference in the mean values for each variable between pre and post surgery scores. Analysis of variance (ANOVA) was used to find differences in all the variables assessed between the two instrumentation types. Statistical significance was set at P \ 0.05.
Results
The study sample consisted of 40 patients (20 pedicle screw group-Group 1; 20 hybrid group-Group 2). Both groups had very similar characteristics: There were in total 32 females and 8 males, with a mean age of 14. average follow-up of our cases was 1.7 years (range 6 months to 7 years). Both groups had similar number of vertebrae fused (10.4 for Group 1 and 10.1 numbers of fused vertebrae for Group 2). All surgeries had been performed by senior spinal deformity surgeons not involved in the assessment.
Medical experts subjective assessment
Seven outcome variables (overall radiographic result, radiographic result of unfused spine, operative cosmetic results, shoulder balance, trunk shift, rib hump, and waist asymmetry) were subjectively assessed by four spinal deformity surgeons. Table 1 shows the mean, standard deviation and range values of the seven variables along with ANOVA results (P value). Subjective assessment by medical experts showed that there is a significant inter observer variability in their scoring for all the variables assessed ([0.01) except operative cosmetic result (P = 0.146). This indicates that the spine surgeons agree with each other on the operative cosmetic results.
Analysis of variance by instrumentation type of the seven variables showed no significant difference between the two procedures (P C 0.05). Overall, statistical analysis showed that the medical experts were not able to discriminate between the two instrumentation types through their subjective evaluations of any of the seven variables. Fig. 4 Sample of clinical photographs of patients before and after surgery with pedicle screw or hybrid/hook instrumentation that were given to non-medical judges to rate on a scale of 0-10. These photographs represent 8 of the total 80 given to the judges. Note that the pre and post surgical photographs are not arranged in a contiguous manner, but at random, as given to the non-medical judges
Guessing of instrumentation type by medical experts
Out of 160 guesses of the type of instrumentation used for the cases, the medical experts could not guess the instrumentation 74% of the times, made incorrect guesses 18% of the time and correct guesses, only 8% of the times. Total percentage that the judges could not guess or made the wrong guess as to the type of instrumentation was 92%.
Non-medical subjective assessment Paired sample t test showed significant difference between pre and post surgery scores for all variables (Table 2) for both types of instrumentations. This indicates that the nonmedical judges were able to perceive the change after surgery in all variables assessed despite the fact that the pre and post surgery clinical photos were given completely shuffled to the judges for scoring. Based on the mean values of the pre and post surgery scores for all variables assessed, there is in general an improvement with treatment with both types of instrumentation (between 1.4 and 2.4 difference on the scale 1-10). ANOVA showed significant inter-rater variability in scoring for all variables (P B 0.01). However, ANOVA of the scores by instrumentation type did not show statistically significant difference for any of the variables, except shoulder balance before surgery (P = 0.006). However, post surgically, there is not significant difference between the two instrumentation types for shoulder balance (P = 0.171). Overall, statistical analysis showed that non-medical judges who reviewed 80 clinical photographs each were unable to discriminate between the two instrumentation types through any of the variables.
Objective assessment of spinal deformity variables
Paired sample t test showed that there was a significant difference between all deformity variables for both groups before and after surgery. However, there was no difference in any of the variables studied between the two groups by procedure (Table 3) .
SRS-24 scores
SRS-24 scores analysis showed no significant difference between pedicle screw group and hybrid/hook group for any of the domains: function (4.3 vs 4.2; P = 0.54); pain (4.6 vs 4.1; P = 0.50); self image (4.5 vs 4.4; P = 0.140); mental health (4.6 vs 4.0; P = 0.56); satisfaction (4.7 vs 4.5; P = 0.22). 
Discussion
The etymological meaning of orthopedics derives from Greek: Ortho = straight, paedics = children. Therefore, intuitively in spine surgery, we have labored under the assumption that straighter is better. To achieve a straight spine in AIS, there have been several efforts through development of surgical techniques and implants. In the process, it was assumed that more the number of implants used in the surgical treatment, the better for achieving a straight spine. However, so far this has not been demonstrated to translate into improved outcomes. In the 2000s, one of the implants that has gained popularity among spine surgeons in the treatment of AIS is the pedicle screw over the established hook or hybrid system. This is based on the reported advantages of enhanced correction and stabilization of the spine with pedicle screws. However, in a recent evidence-based evaluation of literature on pedicle screw constructs in the treatment of AIS, Mulpuri et al. [21] reported weak evidence to show that the pedicle screw constructs are superior in improving curve correction and stabilization of the curve. Moreover, the evidence regarding advantage of all pedicle screw constructs remains limited to case series, biomechanical studies and expert opinions [21] . Assessment of outcome of surgery on cases of AIS can be looked at in three different ways: First, from the cosmesis point of view. Cosmesis by definition is preservation, restoration, and enhancement of appearance and surgery for idiopathic scoliosis is in part considered an operation with cosmetic implications [22] . In fact, in a recent study on the importance of physical deformity in AIS, severity of the deformity was found to be the most important clinical consideration for surgical treatment [7] . In the present study cosmesis was evaluated through subjective evaluations by medical experts and non-medical judges of cosmetic appearance in clinical photographs taken before and after surgery. Although cosmesis is a spectrum with wide inter-rater variability, our study showed that overall, neither the medical nor non-medical judges could differentiate between pedicle screw and hybrid instrumentation in their evaluation of cosmesis in this study.
Second, from the classic radiographic approach, which employs measuring variables such as Cobb angle correction, apical vertebral translation, and tilt of last instrumented vertebra. Using these variables, it has been 18:1927-1935 1933 statistically demonstrated in some studies that thoracic pedicle screw instrumentation provides better Cobb angle correction than hybrid/hook instrumentation. [16, 17, 27, 29] . Other studies including the present one did not obtain similar results [20, 26, 32] . The discrepancy in the results may have to do with series that dealt with bigger and stiffer curves and due to the different philosophies in curve correction held by spine surgeons. Obviously comparison of two different techniques (hybrid/pedicle screw) done by the same surgeon may give different results especially if the goal is to maximize Cobb angle correction. In the present study, we looked at run of the mill cases (40-70°curves) of AIS Lenke Type 1 and 2 with average Cobb angle of 50°. Objective assessment in our study showed that there is no statistically significant difference between the two instrumentation for all variables assessed. Other studies looking at stiffer curves of more than 70°have shown the superiority of pedicle screw fixation in terms of correction [6] , that obviates the need of anterior release in most cases.
Lastly, we employed HRQOL assessments to evaluate surgical outcomes, as more recent studies on the treatment of AIS focused on patient-related outcomes like SRS-24 HRQOL questionnaire responses in addition to objective variables to define successful outcome [31] . To date, no study has shown that there is any statistically significant difference in the SRS-24 scores between hybrid/hooks and all pedicle screw instrumentation [13, 21] . Our study similarly did not show any significant difference between the two instrumentations for any of the domains.
In addition, the present study employed novel outcome assessment methods whereby spine surgeons blinded to the type of instrumentation used judged not only the effect of procedure on the non-instrumented part, but overall cosmetic effect as well. We thought that if we were to ask the judges to view the cases knowing what type of instrumentation used, they would probably introduce bias in their judgment. Also, our study focused on the non-instrumented part of the spine that remains functional and is important throughout follow-up. Hence, the fate of the non-instrumented part of the spine and overall balance of the patient should be more important for the spine surgeon than the strict Cobb angle correction. Assessment of non-instrumented part of the spine in this study showed no significant difference between the two procedures, and this is the first study to our knowledge to look at the outcome of surgery from this angle.
There are several limitations to this study. One major limitation of this study is the minimum 6 months follow-up period that we have used to compare the two groups as opposed to the established minimum of 2 years follow-up. Our mean follow-up is however 1.7 years and previous studies have shown that even at 2 years follow-up, there is no real clinically relevant difference in the correction of the angular parameters between hybrid and pedicle screw constructs [5, 20] . Second limitation is the small sample size in this study for each group. Larger groups of patient may have shown statistical difference between the two groups. However our two groups were very similar in age, curve characteristics, Cobb angle, curve flexibility and numbers of vertebrae being fused, and we purposely looked at the clear cut cases of hybrid and pedicle screw. The lack of difference observed between the two techniques is partly explained by the fact that these curves were all moderate and flexible. Another limitation is related to the fact that these cases have been operated by different spine surgeons and hence a lack of homogeneity in the group treated. All the surgeons were however senior spinal deformity surgeons who had extensive experience in both techniques. At last, it was not possible to track back the type of rods that had been used (flexible or stiff rod) as well as the type of correction maneuver that had been used for correction (rod rotation vs translation, vs cantilever). However for these moderate curves we do not think it is as important as for larger and stiffer curve. The focus and goal of our study was to report and demonstrate the use of novel subjective assessment methods of surgical outcomes in AIS that is totally blinded.
Conclusion
In this first ever conducted study in a blinded fashion using novel assessment methods, we found no difference in the functional, patient-related, and cosmetic assessment when treating AIS of Lenke Type 1 and 2 moderate curves between 40°and 70°with either hybrid/hooks or pedicle screw instrumentation. Economic and safety factors may have a role in deciding one instrumentation over the other in view of such equivalent assessment.
